INTRODUCTION
Since the early 1900s, many studies have investigated the development and splice strength of straight deformed bars for a wide range of material properties (Abrams [1913] ; Lutz and Gergely [1967] ; Azizinamini et al. [1993] ; Darwin and Graham [1993] ; Darwin et al. [1996] ; Zuo and Darwin [2000] , among others). The large number of physical tests performed in these studies provided a solid basis for developing equations that accurately characterize bond strength for reinforcing steel with yield strengths up to 120,000 psi (827 MPa) and concrete compressive strengths up to 16,000 psi (110 MPa) (Darwin et al. 1996; Zuo and Darwin 2000; ACI Committee 408 2003; Darwin et al. 2005; Seliem et al. 2009 ). Similar equations, however, have not been formulated for hooked bars. Therefore, when describing the strength or behavior of hooked bars, researchers typically compare test results with strengths calculated using the provisions for hooked bar development length ℓ dh in the ACI 318 Building Code (ACI Committee 318 2014). The main drawback of these provisions is that they were developed based on a very small data set that does not include high-strength steel or high-strength concrete (Minor and Jirsa 1975; Marques and Jirsa 1975; and Pinc et al. 1977) . Furthermore, the ACI 318 hooked bar development length equation is not meant to characterize the behavior of hooked bars, but rather to provide a safe estimate of development length for design. Thus, the anchorage strength of hooked bars, particularly in structural elements with high-strength materials, cannot be accurately calculated using the development length equation of ACI 318-14, as demonstrated by Sperry et al. (2015a,b; 2017) . The goal of this study is to develop an expression that characterizes the anchorage strength of hooked bars and is applicable to the entire range of concrete and steel strengths currently available in construction practice.
The equation for hooked bar development length in tension ℓ dh in ACI 318-14 is 
where ℓ dh is measured from the outside end of the hook at the point of tangency, toward the critical section (in. or mm); f y is the yield strength of the hooked bar (psi or MPa); d b is the nominal diameter of the hooked bar (in. or mm); λ is the modification factor that reflects the reduced mechanical properties of lightweight concrete compared to normalweight concrete with the same compressive strength; and f c ′ is the specified concrete compressive strength (psi or MPa). Equation (1) also includes three modification factors ψ that account for bar coating ψ e , concrete cover ψ c , and confining reinforcement in the hook region ψ r . The stress corresponding to the anchorage capacity of an uncoated hooked bar cast in normalweight concrete, designated f s,ACI , can be obtained from Eq. (1) by substituting f s,ACI for f y , the measured embedment length ℓ eh for ℓ dh , the measured concrete compressive strength f cm for f c ′, and setting ψ e and λ equal to 1.0. , ACI =  0.24ψ ψ ℓ eh is shown in Fig. 1 for the specimens used in this study.
Two modification factors, ψ c and ψ r , remain in Eq. (2). As defined in Section 25.4.3.2 of ACI 318-14, the cover factor ψ c is 0.7 for No. 11 and smaller hooked bars with side cover of at least 2.5 in. (65 mm) and for 90-degree hooks with at least 2 in. (50 mm) of clear cover to the tail of the hook; otherwise, ψ c is 1.0. The factor ψ r is 0.8 for No. 11 and smaller hooked bars with confining reinforcement parallel (90-degree hooks only) or perpendicular (90-and 180-degree hooks) to the straight portion of the hooked bar and spaced no further than 3d b apart; otherwise, ψ r is 1.0.
Equations (1) and (2) imply that the stress in a hooked bar at failure is proportional to the square root of the concrete compressive strength and inversely proportional to the bar diameter. It was shown by Sperry et al. (2015a,b; 2017) , however, that as the concrete compressive strength increases, the development length calculated using Eq. (1) becomes less conservative. This trend implies that using the square root of the concrete compressive strength as a design parameter overstates the effect of compressive strength on anchorage strength. This is consistent with findings for straight bars, where studies have shown that the stress developed in a bar is proportional to the concrete compressive strength raised to the quarter power (Darwin et al. 1996; Zuo and Darwin 2000; Darwin et al. 2005) . Sperry et al. (2015a,b; 2017) also showed that anchorage strengths calculated with Eq. (2) underestimate measured strengths in small hooked bars (No. 5 [No. 16] ) and overestimate strengths for larger bars (No. 11 [No. 36] ). This trend indicates that the inversely proportional relationship between anchorage strength and bar diameter in Eq. (2) is not accurate. Sperry et al. (2015a,b; 2017) observed that when modification factors for cover and confining reinforcement in Section 25.4.3.2 of ACI 318-14 (equal to 0.7 and 0.8, respectively) were used; calculated anchorage strengths were unconservative, particularly for higher-strength concretes and larger diameter bars.
In light of the inconsistencies that arise when extrapolating the provisions of ACI 318-14 well beyond the range of material strengths and bars sizes for which they were originally calibrated, a new set of equations were developed to accurately characterize the effects of concrete compressive strength, bar diameter, and confining reinforcement on the anchorage strength of hooked bars. The effects of other parameters, such as hook bend angle, clear concrete side cover to the hooked bar, hooked bar placement inside or outside the column core, and spacing between hooked bars are described by Sperry et al. (2015a) .
RESEARCH SIGNIFICANCE
Although equations characterizing the development length of straight deformed bars are available in the literature for a wide range of material strengths and bar sizes, the same cannot be said for hooked bars. The research presented in this paper is aimed at developing anchorage strength equations for hooked bars that apply to the full range of concrete compressive strengths and reinforcing steel yield strengths currently used in practice. These equations are derived based on the results from a large-scale experimental study investigating key parameters affecting hooked bar anchorage strength.
HOOKED BAR DATABASE
Test data from 245 simulated exterior beam-column joint specimen tests were used in the analysis. The data represent specimens containing two hooked bars, 214 from the recent study by Sperry et al. (2015a,b; 2017) and 31 from previous research (Marques and Jirsa 1975; Pinc et al. 1977; Hamad et al. 1993; Ramirez and Russell 2008; Lee and Park 2010) . Details of the specimens used in the analysis are presented in Appendix A.
*
The majority of the tests in the database, those by Sperry et al. (2015a Sperry et al. ( ,b, 2017 , were used to study the effects on hooked bar anchorage strength of embedment length, side cover, amount of confining reinforcement, concrete compressive strength, hooked bar size, and hook bend angle. No. 5, 8, and 11 (No. 16, 25, and 36) hooked bars were tested in normalweight concrete with compressive strengths ranging from 4300 to 16, 200 psi (30 to 112 MPa) . Figure 1 shows the geometry and loading configuration of the simulated beam-column joints tested by Sperry et al. (2015a,b; 2017) . The straight portions of two hooked bars, representing longitudinal beam reinforcement, protruded from the face of the column. The compression zone of the beam was simulated using a bearing member on the testing frame (Sperry et al. 2015a,b; 2017) . For specimens with confining reinforcement, the majority of that reinforcement was oriented * The Appendix is available at www.concrete.org/publications in PDF format, appended to the online version of the published paper. It is also available in hard copy from ACI headquarters for a fee equal to the cost of reproduction plus handling at the time of the request. parallel to the straight portion of hooked bars (Fig. 1) . A limited number of specimens had confining reinforcement oriented perpendicular to the straight portion of the hooked bars, as shown in Fig. 2 . Nominal clear cover from the side of the hooked bar to the side of the column (side cover) ranged from 2.5 to 3.5 in. (65 to 90 mm). Hooked bar centerto-center spacing was 11d b . Hooked bar stresses at failure ranged from 33,000 to 144,100 psi (228 to 994 MPa). The 31 specimens from previous studies (Marques and Jirsa 1975; Pinc et al. 1977; Hamad et al. 1993; Ramirez and Russell 2008; Lee and Park 2010) included tests of No. 7, 9, and 11 (No. 22, 29, and 36) hooked bars in normalweight concrete with compressive strengths ranging from 2570 to 12,850 psi (17.7 to 88.6 MPa). Hooked bar stresses at failure ranged from 30,800 to 143,900 psi (212 to 992 MPa). Overall, the database used in this analysis included 99 specimens without confining reinforcement and 146 with confining reinforcement.
ANALYSIS OF TEST RESULTS
Iterative statistical analyses were conducted to determine the effects of key parameters (embedment length, concrete compressive strength, hooked bar diameter, and quantity of confining reinforcement) on hooked bar anchorage strength using the test results included in the database.
Three different cases were addressed: hooked bars without confining reinforcement ( Fig. 1(b) ), hooked bars with differing quantities of confining reinforcement oriented parallel to the straight portion of the hooked bar ( Fig. 1(c) ), and hooked bars with differing quantities of confining reinforcement oriented perpendicular to the straight portion of the hooked bar (Fig. 2) . The average bar force at failure T is defined as the peak load on the specimen divided by the number (two) of hooked bars, and the embedment length ℓ eh refers to the average of the measured embedded lengths of the two bars in a specimen.
Descriptive equation for hooked bars without confining reinforcement
A least-squares regression technique including dummy variables (Draper and Smith 1981) was used to evaluate the influence of various design parameters on anchorage strength. This analysis technique consists of calculating linear regression equations with the same slope and different intercepts for data subsets that include one or more dummy variables. Linear regression equations derived in this manner produce a series of parallel lines, as shown in Fig. 3 and 4. The legends in these figures identify the data subsets in the order, top to bottom, in which they appear. The difference between the intercepts of these "dummy variable lines" shows the relative effect of the dummy variable on the dependent variable-for example, the effect of bar size on (Note: 1 lb = 4.448 N; 1 psi = 0.006895 MPa; 1 in. = 25.4 mm.) failure force T (lb [N]) in Fig. 3 . A small spread in the intercepts of the dummy variable lines with respect to the total range in the data indicates that the relationship between the variables could be represented satisfactorily by a single best-fit line, which is the ultimate goal of the optimization process. In this analysis, emphasis was placed on finding the best-fit equation for the data set, leaving simplifications and rounding of coefficients for the implementation of design provisions. Figure 3 shows the measured average bar force at failure T as a function of embedment length ℓ eh for the 99 beamcolumn joint specimens without confining reinforcement. The values of T ranged from 19 to 213 kip (84.5 to 947 kN). Bar stresses ranged from 30,800 to 136,700 psi (212 to 943 MPa), embedment lengths ℓ eh ranged from 4.9 to 26.0 in. (124 to 660 mm), and concrete compressive strengths ranged from 2570 to 16, 200 psi (17.7 to 112 MPa) . The general trend shows that anchorage strength increases with increased embedment length.
The analysis shown in Fig. 3 did not include the influence of concrete compressive strength. As the next step, dummy variables analysis was used to determine the appropriate power of concrete compressive strength p 1 for use in an expression to characterize anchorage capacity. The optimal value of the exponent p 1 was determined by minimizing the spread in the intercepts when T f cm p 1 was plotted versus ℓ eh . The magnitude of the spread was evaluated using the relative intercept, defined as the difference between the maximum and minimum intercepts of the dummy variable lines normalized with respect to the difference between the maximum and minimum values of T f cm p 1 . Using this method, the value of p 1 was found to be 0.29. The results are shown in Fig. 4 .
The value of p 1 = 0.29 found in the analysis is significantly less than 1/2 (used in the design provisions of the ACI Code [ACI Committee 318 2014]), and is consistent with test results for straight bars that show that bond strength is proportional to concrete compressive strength raised to a power of 1/4 (Darwin et al. 1996; Zuo and Darwin 2000; Darwin et al. 2005) . Similar to the bond strength of straight reinforcement, anchorage strength of hooked bars is governed by the combined effects of concrete tensile strength, which controls initial crack formation, and fracture energy, which controls crack propagation. Research shows that while the tensile strength of concrete increases with the compressive strength to a power between 1/2 and 2/3 (Ahmad and Shah 1985) , the fracture energy of concrete is nearly independent of compressive strength (Darwin et al. 2001) . It is hypothesized that the combined effects of tensile strength and fracture energy cause anchorage strength to be proportional to concrete compressive strength to a power well below 1/2.
In Fig. 4 , trend lines for specimens with larger hooked bars have higher intercepts than those for specimens with smaller hooked bars, indicating that for the same embedment length, larger hooked bars provide greater anchorage strength. The relationship between the parameter T f cm 0 29
. and embedment length times the bar diameter raised to a power p 2 was evaluated to establish the effect of bar diameter on anchorage strength for hooked bars without confining reinforcement (Fig. 5) . Statistical analyses showed that p 2 = 0.47 minimized the spread in the intercepts of the dummy variable lines. Using the slope and average intercept of the lines in Fig. 5 , the strength of hooked bars without confining reinforcement can be represented as 
Ratios of bar force at failure to bar force calculated using Eq. (3), T/T c , are plotted with respect to f cm in Fig. 6 . The In the analyses described thus far, it was assumed that the relationship between the anchorage force at failure T and embedment length ℓ eh is linear. To further improve accuracy, the data were reanalyzed using a power regression model to characterize the relationship between T and embedment length ℓ eh . The powers of ℓ eh and d b were chosen to minimize the sum of the squared differences 
This nonlinear relationship, which has a power of ℓ eh slightly greater than 1.0, is plausible considering that both the front and side failures described by Sperry et al. (2015a Sperry et al. ( ,b, 2017 ) involve a failure surface that becomes progressively larger as embedment length increases. Figure 7 shows a comparison between the bar forces at failure and the calculated bar forces T c based on Eq. (4). The dashed line in Fig. 7 represents equality between the measured and calculated anchorage strengths and the solid line is the best fit line for the data set. The fact that the two lines are very close further indicates that Eq. (4) provides a good estimate of anchorage strength for the entire range of test results. The average test-to-calculated ratio using Eq. (4) is equal to 1.0 with a coefficient of variation of 0.12 and ratios of T/T c ranging from 0.73 to 1.30. These values are identical (to two significant figures) to those calculated using Eq. (3). These results show that a power of 1.06 on ℓ eh produces similar results to a power of 1.0, with the most significant difference being for large bars with deep embedment lengths. Thus, for design, it would be justified to use the power of 1.0 for the embedment length.
Descriptive equations for hooked bars with confining reinforcement
The contribution of the confining reinforcement T s to the anchorage strength was found by subtracting T c (the bar force calculated using Eq. (4)) from the measured bar force at failure T for hooked bars with confining reinforcement. On average, the value of T c represents 82% of the total anchorage strength of a hooked bar with confining reinforcement. Due to the relatively small number of specimens (12) containing standard hooks with confining reinforcement tested prior to this study (Marques and Jirsa 1975; Hamad et al. 1993; Ramirez and Russell 2008; and Lee and Park 2010) and the inherent variability in the contribution of the confining steel to the strength of the hooked bars, only specimens that were tested in this study were used to develop the expression for T s , eliminating the potential variability introduced by a small number of specimens with a narrow range of input parameters and different methods of testing.
Based on the cracking patterns ( Fig. 8 ) and the observed failure modes described by Sperry et al. (2015a,b; 2017) , which were similar for specimens with and without confining reinforcement, confining reinforcement resists widening of cracks in the plane of the hook and inclined cracks within the joint. The nature of the failure modes suggests that confining reinforcement oriented parallel to the straight portion of a hooked bar serves as an anchor for the concrete failure cone pulled out by the hooked bars. According to this model, the increase in anchorage strength attributable to confining reinforcement should be proportional to the quantity of confining reinforcement in the direction of the bar being developed. 2 /hook (213 mm 2 /hook). For the test specimens used in this analysis, NA tr /n ranged from 0.11 to 0.60 in.
2 / hook (71 to 387 mm 2 /hook), with maximum values of N equal to 6 and 10, respectively, for confining reinforcement oriented parallel and perpendicular to the straight portion of the bar.
In the current formulation, the definition of N for confining reinforcement parallel to the straight portion of a hooked bar is applicable to both 90-or 180-degree standard hooks (in contrast to ACI 318-14, which credits reinforcement parallel to the straight portion of the hooked bar as strengthening only 90-degree hooks) and is based on the observation that not all ties confining a hooked bar will contribute to the tensile capacity of the hook. For example, ties located within the region subjected to compressive stress from the beam, as shown in Fig. 8 , are unlikely to carry significant tensile stress. Based on this observation, several definitions of N were systematically evaluated in the analysis of the test results. Using a dimension equal to the minimum outside bend diameter prescribed by ACI 318-14 for a hooked bar to define the region where ties are effective in resisting the pullout force of the hook resulted in the least scatter when compared with test results. This definition of N is also supported by visual observations of specimens after failure, which showed that the majority of the cracks at failure were confined by the ties closest to the straight portion of the hook (that is, those within 8 to 10d b of the straight portion of the hooked bar). Some cracks on the side faces of the specimens extended past ties in the compression region, but the concrete failure cone on the front face of the specimen did not extend below the compression region. This crack pattern suggests that the majority of the tensile force resisted by the confining reinforcement is carried by those bars closest to the hooked bar-that is, outside the compression zone of the beam.
The effect on anchorage strength was also investigated for cases of confining reinforcement placed perpendicular to the straight portion of a hooked bar. The provisions of ACI 318-14 allow the use of a development length modification factor of 0.8 for 180-and 90-degree hooked bars where confining reinforcement is oriented perpendicular to the straight portion of the bar and spaced at 3d b or less. The modification factor is also applicable to 90-degree hooked bars where confining reinforcement meeting the same spacing requirement is placed parallel to the straight portion of the bar. Although adding confining reinforcement perpendicular to the straight portion of a hooked bar was found to increase anchorage strength, the test results indicate that its effect on anchorage strength was different than if it was parallel to the straight portion of the bar. The observed modes of failure (Sperry et al. 2015b) indicate that confining reinforcement oriented parallel to the straight portion of the bar acts as anchor reinforcement, restraining the concrete from being pulled out the front of the column. In contrast, confining reinforcement oriented perpendicular to the straight portion of the bar restrains the propagation of cracks within the joint similar to the manner in which confining reinforcement restrains the propagation of splitting cracks for straight bars, but it does not act as anchor reinforcement and is pulled through the front of the column with the cone of concrete at failure (Sperry et al. 2015b ). Thus, the two cases (confining reinforcement parallel versus perpendicular) were analyzed separately.
Confining reinforcement parallel to straight portion of hooked bar- Figure 9 shows the ratio of measured anchorage strength to the calculated anchorage strength provided by concrete (Eq. (4)) T/T c versus the parameter NA tr /n for hooked bars with confining reinforcement oriented parallel to the straight portion of the bar. The strength in excess of the concrete contribution T s = T -T c , is plotted versus the parameter NA tr /n in Fig. 10 Fig. 9 and Fig. 10 are, respectively, the best-fit lines and the lines resulting from a dummy variables analysis. Figure 9 shows that T/T c increased with an increase in NA tr /n, with smaller bars exhibiting a greater relative increase in T/T c than the larger bars. This comparison shows that the increase in hooked bar anchorage strength provided by confining reinforcement cannot be expressed as a percentage of T c for all bar sizes. This is contrary to the implication of Section 25.4.3.2 of ACI 318-14, which permits the use of the modification factor ψ r = 0.8 for hooked bar development lengths when confining ties are provided at a spacing not exceeding 3d b . Figure 10 shows T -T c versus the parameter NA tr /n. The scatter in T -T c was expected because there was scatter in T, and T -T c is a small portion (on average 18%) of T. The figure shows that, on average, T -T c increases proportionally to the parameter NA tr /n. The relationship between T -T c and the parameter NA tr /n is similar for No. 8 and No. 11 (No. 25 and No. 36) hooked bars. The dummy variable analysis shows that the effect of confining reinforcement is greater for the larger hooked bars (No. 8 and No. 11, No. 25 and No. 36) Using statistical analysis procedures similar to those used for hooked bars without confining reinforcement, the following expression for T s was obtained
Similar to the nonlinear relationship between T c and ℓ eh for hooked bars without confining reinforcement, the power of 1.06 on the parameter NA tr /n is close to 1.0, so a linear relationship between T s and NA tr /n is acceptable for design.
The anchorage strength of hooked bars with confining reinforcement oriented parallel to the straight portion of the bar in beam-column joints can be expressed as the sum of components corresponding to the contributions of concrete and the confining reinforcement using Eq. (4) and (5). 
 (SI) (6b)
Figure 12 shows T/T h as a function of measured concrete compressive strength f cm , where anchorage strength T h is calculated using Eq. (6) for the specimens with confining reinforcement. The trend lines from the dummy variable analyses are nearly horizontal, showing that the effect of concrete compressive strength is adequately represented by Eq. (6). The intercepts of the trend lines corresponding to specimens with No. 5, 8, and 11 (No. 16, 25, and 36) bars are 0.97, 1.05, and 1.00, respectively. Figure 13 shows a comparison of anchorage forces measured in the tests with those calculated using Eq. (6). The dotted line represents cases in which the measured and calculated strengths are equal, while the solid line represents the best fit line for the data set. The two lines nearly match, indicating that Eq. (6) provides an accurate estimate of anchorage strength over the entire range of test data. The average test-to-calculated ratio using Eq. (6) is equal to 1.0 with a coefficient of variation of 0.11 and ratios to T/T h ranging from 0.68 to 1.28.
Confining reinforcement perpendicular to straight portion of hooked bar-Six specimens with confining reinforcement oriented perpendicular to the straight portion of the hooked bar ( Fig. 2) were tested by Sperry et al. (2015a,b; 2017) to investigate whether this reinforcement configuration is equally effective to reinforcement parallel to the straight portion of the bar (Fig. 1 ). For these six specimens, anchorage strengths calculated using Eq. (6), with N equal to the number of legs perpendicular to the hooked bar over the length being developed, overestimated the component T s by a factor of three or more. In light of the large differences in the calculated values of T s , experimental results for the six specimens with vertical ties were re-evaluated. The resulting relationship is given by
Because of the small dataset, the powers of NA tr /n and d b from Eq. (6) were retained in Eq. (7).
When combining T c from Eq. (4) with T sp from Eq. (7) to calculate T h for the six specimens with confining reinforcement oriented parallel to the straight portion of the bar, the average test-to-calculated ratio T/T h was set 0.94, rather than 1.0, to match the average T/T h ratio of the companion specimens with confining reinforcement oriented parallel to the straight portion of the bar in this group. A comparison of Eq. (7) with Eq. (5) indicates that, on average, each leg of confining reinforcement perpendicular to the straight portion of a hooked bar provided 28% of the contribution of a leg of confining reinforcement parallel to the straight portion of a hooked bar. The calculations indicate that all the legs of reinforcement perpendicular to the straight portion of the bar contributed to T h , while only those legs that were within 8 or 10d b of the top of the bar contributed for the configuration parallel to the straight portion of the hooked bar. Because this study was limited in scope and no other research addressing confining reinforcement perpendicular to the straight portion of a hooked bar is available for comparison with Eq. (7), additional research is needed to confidently establish the effect of orientation of confining reinforcement over the full range of material properties and bar sizes.
Equations (4) through (7) were developed to characterize the test results for specimens containing two hooked bars with and without confining reinforcement. Design provisions that are relatively easy to apply and that recognize other aspects not addressed by the equations developed in this paper, such as hooked bar spacing, hooked bar placement, additional hooked bars at a cross section, and structural reliability, are the subject of continuing research.
SUMMARY AND CONCLUSIONS
Equations were developed to characterize the anchorage strength of hooked bars with and without confining reinforcement. The equations are based on test results of 245 simulated beam-column joint specimens containing two hooked bars: 99 without confining reinforcement and 146 with confining reinforcement. The data set developed in this study was complemented with test results reported by Marques and Jirsa (1975) , Pinc et al. (1977) , Hamad et al. (1993) , Ramirez and Russell (2008) , and Lee and Park (2010) . Bar stresses at failure ranged from 30,800 to 144,100 psi (212 to 994 MPa), and concrete compressive strengths ranged from 2570 to 16,200 psi (17.7 to 112 MPa). The following conclusions are based on the analysis presented in this paper:
1. The effect of concrete compressive strength on the anchorage strength of hooked bars was proportional to the compressive strength raised to the 0.29 power.
2. The contribution to hooked bar anchorage strength of confining reinforcement oriented parallel to and located within eight or 10 bar diameters of the straight portion of the bar was proportional to the area of confining reinforcement.
3. For a given embedment length, the anchorage strength of hooked bars with and without confining reinforcement increased as the diameter of the hooked bar increased.
4. The behavior and contribution to hooked bar anchorage strength of confining reinforcement oriented perpendicular to the straight portion of the hooked bar differed from that of reinforcement oriented parallel to the bar, with more legs of the confining reinforcement contributing but with each leg making a smaller contribution. = contribution of confining reinforcement oriented parallel to straight portion of hooked bar to anchorage strength T sp = contribution of confining reinforcement oriented perpendicular to straight portion of hooked bar to anchorage strength λ = modification factor to reflect reduced mechanical properties of lightweight concrete relative to normalweight concrete of same compressive strength ψ c = factor used to modify development length based on cover as defined in ACI 318-14, Section 25. 
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NOTATION
Specimen identification (A@B) C-D-E-F#G-H-I-J-Kx(L) A
